a2 United States Patent

Kakishima et al.

US009438396B2

US 9,438,396 B2
Sep. 6, 2016

(10) Patent No.:
45) Date of Patent:

(54) RADIO COMMUNICATION SYSTEM,
MOBILE TERMINAL APPARATUS, RADIO
BASE STATION APPARATUS AND RADIO
COMMUNICATION METHOD

(71)  Applicant: NTT DOCOMO, INC., Tokyo (IP)
(72) Inventors: Yuichi Kakishima, Tokyo (JP);
Yoshihisa Kishiyama, Tokyo (JP)
(73) Assignee: NTT DOCOMO, INC., Tokyo (JP)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 43 days.
(21) Appl. No.: 14/398,834
(22) PCT Filed: Apr. 24, 2013
(86) PCT No.: PCT/JP2013/061981
§ 371 (e)(D),
(2) Date: Nov. 4, 2014
(87) PCT Pub. No.: W02013/168560
PCT Pub. Date: Nov. 14, 2013
(65) Prior Publication Data
US 2015/0131551 Al May 14, 2015
(30) Foreign Application Priority Data
May 10, 2012 (IP) cceoeveereirecccicnen 2012-108742
(51) Imt.CL
HO4L 5/00 (2006.01)
HO04J 13722 (2011.01)
HO4W 72/04 (2009.01)
HO04J 13/00 (2011.01)
HO4L 2726 (2006.01)
(52) US. CL
CPC ... HO4L 5/0048 (2013.01); H04J 13/0062

(2013.01); HO4J 13/22 (2013.01); HO4L
27/2613 (2013.01); HO4W 72/0466 (2013.01);
HO4L 5/0023 (2013.01)

(58) Field of Classification Search
None

See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

2010/0157918 Al*  6/2010 Kim ....ccooevveinnn HO4L 5/0023
370/329
2010/0210274 Al* 82010 Iwai ...coooiviinnnnnne HO04J 13/22
455/450
2010/0272022 Al* 10/2010 Iwai ..o HO04B 1/7143
370/328
2010/0284265 Al* 11/2010 Ogawa ................... HO047J 11/005
370/208
2010/0285755 Al* 112010 Iwai ....cooevennnne HO04B 1/7143
455/68
2012/0275409 Al* 11/2012 Han ... HO4L 1/0007
370/329

OTHER PUBLICATIONS

International Search Report issued in PCT/JP2013/061981 mailed
on Jul. 2, 2013 (2 pages).
3GPP TR 25912 V7.1.0; “3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Feasibility
study for evolved Universal Terrestrial Radio Access (UTRA) and
Universal Terrestrial Radio Access Network (UTRAN) (Release
7)”; Sep. 2006 (57 pages).
(Continued)

Primary Examiner — Gary Mui
(74) Attorney, Agent, or Firm — Osha Liang LLP

(57) ABSTRACT

The present invention is designed to allow more DM-RS
sequences to be allocated, and more DM-RS resources to be
secured. The radio communication method of the present
invention has a characteristic of generating DM-RS
sequences using ZC sequences that are allocated in a new
number of randomized sequences between the number of
randomized sequences corresponding to a ZC sequence
having a length of the largest prime number, not exceeding
the ZC sequence length required in the uplink DM-RS, and
the number of randomized sequences defined in Rel. 10
LTE.

12 Claims, 9 Drawing Sheets

1RB 2RB 3RB 4RB 5RB 6RB 7RB 8RB

100 .

80
60

40

)

.

201

NUMBER OF RANDOMIZED SEQUENCES

g

o

20 40

60

SEQUENGE LENGTH



US 9,438,396 B2
Page 2

(56) References Cited

OTHER PUBLICATIONS

3GPP TS 36.211 V104.0; “3rd Generation Partnership Project;
Technical Specification Group Radio Access Network; Evolved
Universal Terrestrial Radio Access (E-UTRA) Physical Channels
and Modulation (Release 10)”; Dec. 2011 (4 pages).

New Postcom; “Uplink reference signals for uplink CoMP”; 3GPP
TSG RAN WGI1 Meeting #67, R1-113693; San Francisco, USA;
Nov. 14-18, 2011 (6 pages).

Panasonic et al.; “RACH sequence allocation and indication to the
cell”; 3GPP TSG RAN WG1 Meeting #50, R1-073836; Athens,
Greece; Aug. 20-24, 2007 (10 pages).

Texas Instruments; “Uplink reference Signal Sequence Assignments
in E-UTRA”; 3GPP TSG RAN WG1 #51, R1-074675; Jeju, Korea;
Nov. 5-9, 2007 (3 pages).

ZTE; “Remaining Issues on UL DM RS Sequence hopping”; 3GPP
TSG RANI1 #52, R1-080779; Sorrento, Italy; Feb. 11-15, 2008 (3
pages).

Office Action issued in corresponding Japanese Application No.
2012-108742, mailed Dec. 8, 2015 (9 pages).

* cited by examiner



U.S. Patent Sep. 6, 2016 Sheet 1 of 9 US 9,438,396 B2

3
m 1 T T I T T T l T T T l T T T | T T T —_
T |-----® o ECLETTEEEEEERE,
(0]
m ]
@ |------- P - m - m e mm e e
~ i ]
o]
0 ]
Tl TR @B} - = = === m o
o ]
- :
m
Tl R CEEEE R o  ZEEEEEEPEPPEES 8 g
Lo
L i L
-
i B ] S 5
----------------------- H--_------——--
s = E
- 4 =m
O | .. Q] ¥ 5
- Ll
7
E [F----=--=m=m=mmemmmnen——ea—a—- - - - - - -- -]
~ | Je
N
. ]
O [-mmmmmmm —— - - - -
o 1 i 1 I i 1 1 l 1 ] 1 I 1 | 1 I } [} 1 = o
o (o] Qo (=) o Q
O o0 (=] < N

S3ON3INO3S AIZINOANVY 40 J3gANN



US 9,438,396 B2

Sheet 2 of 9

Sep. 6, 2016

U.S. Patent

OYAIE
NOISTTIOO
o# o#
o# o#
O# c#
Vi [ v#
8# L#
L# G#
o# O#
G# 1#
¢-3aN =

YNIddOH dNOYO

d¢’old
NOISIT100
14 [« x > I#
I# > LI#
I# <> I#
I# <> I#
I# > I#
L4 > |#
4 <> |#
I# [ I#

¢—3N I-3N

ONIddOH 1NOH1IM

} Lo1s

¢ 1130

V¢Old




US 9,438,396 B2

Sheet 3 of 9

Sep. 6, 2016

U.S. Patent

€9ld
107S
e 4
6L |0z |0L|€L|LL|€z|9L|S2|9z|S2| 2 |ek|er|ar|oO|€e|LL]er|pL]g
8L |6L| 6 |el|9L|2z|Sr|be sz |ve| L [bL|kL|Lr]62| T |9L]|2l|El] ¥
14IHS |
gz|e |8 |¢ez|e|L|ez|1|8elez| e |G| |8|er|e|1]|Le]¢
1dHS 8¢/ 00 L 0 Lo DL oL oLoLou Lol
Le| S |o0L|Sz|ce|6|G2|€Er|0|SZ|G |[€eL|Lr|er|oz|SL| G [€L]|62] S
Lgus ) L% v |6 [velee|8 [ve|el|6z|ve| v [gL|oL el |6k |Vl | ¥ [T |8C]| Y

Le# Al 1130

0¢# A1 1130

6¢# Al 1130

I# Al 1130

O# Al 1130



US 9,438,396 B2

Sheet 4 of 9

Sep. 6, 2016

U.S. Patent

v 'Old

(T d1 01 D14193dS) z# IONINOIS ——=
(I dL OL D14193dS) 1# IONINDIS €

000 Ad
NOLLVZITVNODOHLHO

000 ANV SO Ad
NOILVZITVNODOHLHO



U.S. Patent Sep. 6, 2016 Sheet 5 of 9 US 9,438,396 B2

40

CORE NETWORK

HIGHER
STATION \—30

APPARATUS

FIG.5



US 9,438,396 B2

Sheet 6 of 9

Sep. 6, 2016

U.S. Patent

9¢0¢

B20C

SNLvydvddv
AVM3ILVO
SS300V Ol

9'OId
NOLLO3S NOLLO3S
Onm_n_._._ww_\w,Z ONIAIZOIH/ HNISSID0Hd
ONLLLINSNYY.L T1vo
07 9907 olz
NOILLO3S NOILO3S v
NOLLO3S ONISSID0Ud Ov-ld
ONIAAITAINY ONIAIFO3d/ VNDIS HLVd
ev0¢ 2907 802 e
\



US 9,438,396 B2

Sheet 7 of 9

Sep. 6, 2016

U.S. Patent

4€¢e~  NOLLO3IS OIS NOLLO3S |, NOLLOIS |~L8¢ (quaune NOLLYINAOWAA / 3Lva DNIOD)
NOLLYZINOMHONAS || BELEEINAI b ONISS3008d [ —INOLLYIWILS3 1YWH0 [HOdSNYYL
JOaNAS NG | [NOLLYZIIVNODOHLHO TANNVYHO a6z q0€2
TVNDIS * T g > b ~
EINELE] NolLO3s |lE¢ (4% Z NOLLO3S NOILO3S
O ONIAOWY | | NOLLO3S £ 2 [ Lda1 [ ONLYINQOAIA | DNId0O3a ()
QNNN\/\ do 144 — ONIddVYW3AA K = m vivad vivda vivd
HIaavodans o ~ NOISSINSNVH.L
8% | agzz z# QHOMI009
BETT ™ NOLLO3S T~ ~ - Z (IWIHOS NOLLYINAOWIA / JLVH DNIQ0D) aILONYLISNOOI
NOLLVZINOUHONAS S\ 444 q6ée m m 1VINHOH 1HOdSNVYL
e o I —
TYNDIS v 35
CENNEREN NOILLD3S NOILO3S W< NOLLO3S NOLLO3S
O ONIAOW3Y ¥ 144 | ONIddYW3Q £ 3 4 ldal —ONLLYINGOWIA -4 DNId003ad ()
do HIMHvoans e vivd viva viva
[ I Fod Vot I 7 NOISSIASNYHL
NOLLO3S L2244 Begéd 9¢¢ eg¢ge B6¢¢ B0ES 1# Q4OM3IA0D
AINIFWIHNSYAN o o Q310NY1SNOO3Y
JONR ﬁzz%_w y L !
(EINEREN ~ NOLLO3S NOLLO3S
Y44 NOILOF13S NOILOF T3S YNWY Y3 INAIHOS
NOLLD3S SOW /1HDIFM DNIA0OTHd
= ~ ~
€2 ~—{NOLLYDOTIV SON obz 7 mIng vé7 NOLLYIHONI
e T | AOwNOSH
+
NOILO3S [-I¥Z NOLLO3S | NOILO3S
Gaumswel | 8 [ JonauEnds NOLLYWEO AN VAN
OLavH O1) m geg” L NVH9 N SOVN/IOY | NOISSINGNH Loy
=
NOISSINSNVH.L &) NOLLO3S NOILD3S ~
O—— 8E b—1 oniLveanas ONILYYINIO £€2
o0 Y1va u3asn
= TVYNOIS HOSAd~ g4z x@m 1¥D1a3a
=
= NOILOIS [~ ez LET
o ‘ DNILYHINID
ed IVNDIS HOIHd MOVN/HOV 1514




US 9,438,396 B2

Sheet 8 of 9

Sep. 6, 2016

U.S. Patent

8’014
NOLLOZS NOLLO3S
ONIAIdNY ONIAEO3Y/
ONLLLINSNVYL
- I
9201 | avol 9901
NOLLO3S NOILO3S
NOLLO3S ONI >m_wm_m y ONISSIOO0Ud NOLLO3S
TVYNDIS
ONIAATIdINY ONLLLINSNL oIS NOLLVOIlddV
I \ ~ ~
2201 | By01 2901 801 oLl
/N o
VNNILNY
ONIAIIOTY/
ONLLLINSNYHL




US 9,438,396 B2

Sheet 9 of 9

Sep. 6, 2016

U.S. Patent

NOLLO3S | ~CH} viva NOILO3S Pail
DNIJOD3a NOISSINSNYHL y34dNg viva
5 " THOSAd O NS NOLLOIS = NA[SSINSNVYL
= MNTINMOQ Q3LONYISNOOIY DNININYILA M3N
VNDIS < NOISSINSNVY LI l
SETNE[SEL] 28 NOLLO3S | ~CHH /NOISSINSNVY.L NOILO3S
O»ll o W UZLM_VWW_M_D M3aN V.1vd —¥ d3d44ng vivd
% MNTINMOQ HOVN/HOY ] [noissmsnvaa
= MOVN/MOV sk Lk
a NOILO3S
o HNIGoo3a
HOOAd
MNIINMOQ
7~ 7~
L vl
NOLLYINOYSNI
DNIQOORd NOLLYWHOANI NOLLYWYHOSNI
MNVH SON
NOLLYIWHO4NI
MN l ONMNA3HOS Viva
3 Gel qezZ1 rAl a1l NOISSINSNVHL
901 NOILOAS L~ | - LN AN LN o# ovw__%_.ﬁm:n_oo
ONIAIZOI/ ) NOILO3S NOLLO3S NOILO3S
oNLLLISNVLC) 96z Z || _5/|F § oNdavw « 1da } o NOEOSE Ll nonvinaom BNIdOD  f—(—
NOLLO3S EllLh o H3IMHEvodns vilvd viva
ONHOVLLY | 1441 ¢ D HBHH= | g2 1 J Al
do allZz||E3 NOLLO3S NOLLD3S
290} NOLLO3S w2l | 2 ||S 2 W - ONISSIDOUd fom__%,_,mﬁmﬁwo e
ONIAIZOIH/ X W< |28 1Z1-"|NOLLYZIYNODOH.LHO| | ~"Sy-IWd A
NP z<Emw 26l 4198|129 1 ~ 1# QIOMIA0D
oo 0cl
NOLLO3S AEIE: NOILO3S NOLLOS NOLLO3S NolLo3s | Ndn
ONHOVLLY [ 1441 § 2 M& 5 7 ONIddvIW ¢ 1d4Q HONXE LN NOLLYINAOW( ONIA0D  f—( ——
do = =z g HIMEYOENS viva v.lva
~ ~ T~ ~ ~ ~
egzl ezl 2ol ezzl e6l1 egl| 6014




US 9,438,396 B2

1
RADIO COMMUNICATION SYSTEM,
MOBILE TERMINAL APPARATUS, RADIO
BASE STATION APPARATUS AND RADIO
COMMUNICATION METHOD

TECHNICAL FIELD

The present invention relates to a radio communication
system, a mobile terminal apparatus, a radio base station
apparatus and a radio communication method.

BACKGROUND ART

In a UMTS (Universal Mobile Telecommunications Sys-
tem) network, attempts are made to optimize features of the
system, which are based on W-CDMA (Wideband Code
Division Multiple Access), by adopting HSDPA (High
Speed Downlink Packet Access) and HSUPA (High Speed
Uplink Packet Access), for the purposes of improving spec-
tral efficiency and improving the data rates. With this UMTS
network, long-term evolution (LTE) is under study for the
purposes of further increasing high-speed data rates, pro-
viding low delay, and so on (non-patent literature 1).

In the third-generation system, it is possible to achieve a
transmission rate of maximum approximately 2 Mbps on the
downlink by using a fixed band of approximately 5 MHz.
Meanwhile, in a system of the LTE scheme, it is possible to
achieve a transmission rate of about maximum 300 Mbps on
the downlink and about 75 Mbps on the uplink by using a
variable band which ranges from 1.4 MHz to 20 MHz.
Furthermore, with the UMTS network, successor systems of
LTE are also under study for the purpose of achieving
further broadbandization and higher speed (for example,
“LTE-advanced” (LTE-A)). For example, in LTE-A, there is
a plan to expand the maximum system band for LTE
specifications, which is 20 MHz, to approximately 100
MHz.

In LTE-A, uplink reference signals are enhanced, and the
DM-RS (Demodulation-Reference Signal), which is used in
channel estimation upon demodulation of the PUSCH
(Physical Uplink Shard Channel) signal, the PUCCH (Physi-
cal Uplink Control Channel) signal and so on, is defined.
This DM-RS is time-multiplexed and transmitted with the
RBs (Resource Blocks) to transmit the PUSCH signal/
PUCCH signal. For example, in the PUSCH, the DM-RS is
multiplexed over the third SC-FDMA (Single Carrier Fre-
quency Division Multiple Access) symbol in each slot.

Furthermore, in the LTE-A system, intra-cell orthogonal-
ization is made possible by orthogonal multiple access on
both the uplink and the downlink. That is to say, on the
downlink, orthogonality is established between mobile ter-
minal apparatuses, UEs (User Equipments), in the frequency
domain. On the other hand, between cells, like in W-CDMA,
interference randomization by one-cell frequency reuse is
fundamental. So, in the 3GPP (3rd Generation Partnership
Project), the coordinated multiple-point transmission/recep-
tion (CoMP) technique is under study as a technique for
realizing inter-cell orthogonalization. In this CoMP trans-
mission/reception, a plurality of cells coordinate and per-
form signal processing for transmission and reception for
one user terminal UE or for a plurality of mobile terminal
apparatus UEs. For example, for the downlink, simultaneous
transmission of a plurality of cells adopting precoding, and
coordinated scheduling/beam forming, are under study. By
adopting these CoMP transmission/reception techniques,
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2

improvement of throughput performance is expected, espe-
cially with respect to user terminal UEs located on cell
edges.

CITATION LIST
Non-Patent Literature

Non-Patent Literature 1: 3GPP, TR 25.912 (V7.1.0), “Fea-
sibility Study for Evolved UTRA and UTRAN,” Septem-
ber 2006

SUMMARY OF INVENTION
Technical Problem

When CoMP transmission is carried out on the uplink,
improvement of performance may be anticipated by simul-
taneously orthogonalizing and transmitting DM-RSs to a
plurality of radio base station apparatuses. Considering a
transmission mode like this, there are not sufficient DM-RS
resources. DM-RSs use Zadoft-Chu (ZC)-based sequences.
Consequently, there is a demand to make it possible to
allocate more DM-RS sequences (ZC sequences) and secure
more DM-RS resources.

The present invention has been made in view of the
above, and it is therefore an object of the present invention
to provide a radio communication system, a mobile terminal
apparatus, a radio base station apparatus and a radio com-
munication method that make it possible to allocate more
DM-RS sequences (ZC sequences) and secure more DM-RS
resources.

Solution to Problem

The radio communication system of the present invention
provides a radio base station apparatus and a mobile termi-
nal apparatus that is configured to be able to communicate
with the radio base station apparatus, and, in this radio
communication system, the radio base station apparatus has
an allocation section configured to allocate Zadoff-Chu
sequences in a new number of randomized sequences, the
new number being a number between the number of ran-
domized sequences corresponding to a Zadoff-Chu sequence
having a length of a largest prime number, not exceeding a
Zadoff-Chu sequence length required in an uplink demodu-
lation reference signal, and the number of randomized
sequences defined in Rel. 10 LTE, and the mobile terminal
apparatus has a generating section configured to generate
demodulation reference signal sequences using the Zadoft-
Chu sequences allocated in the new number of randomized
sequences.

The radio base station apparatus of the present invention
is a radio base station apparatus in a radio communication
system providing the radio base station apparatus and a
mobile terminal apparatus that is configured to be able to
communicate with the radio base station apparatus, and this
radio base station apparatus has an allocation section con-
figured to allocate Zadoff-Chu sequences in a new number
of randomized sequences, the new number being a number
between the number of randomized sequences correspond-
ing to a Zadoff-Chu sequence having a length of a largest
prime number, not exceeding a Zadoff-Chu sequence length
required in an uplink demodulation reference signal, and the
number of randomized sequences defined in Rel. 10 LTE.

The mobile terminal apparatus of the present invention is
a mobile terminal apparatus in a radio communication
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system providing a radio base station apparatus and the
mobile terminal apparatus configured to be able to commu-
nicate with the radio base station apparatus, and this mobile
terminal apparatus has a generating section configured to
generate demodulation reference signal sequences using
Zadoff-Chu sequences allocated in a new number of ran-
domized sequences, the new number being a number
between the number of randomized sequences correspond-
ing to a Zadoff-Chu sequence having a length of a largest
prime number, not exceeding a Zadoft-Chu sequence length
required in an uplink demodulation reference signal, and the
number of randomized sequences defined in Rel. 10 LTE.

The radio communication method of the present invention
is a radio communication method in a radio communication
system providing a radio base station apparatus and a mobile
terminal apparatus that is configured to be able to commu-
nicate with the radio base station apparatus, and this radio
communication method includes the steps of: in the radio
base station apparatus, allocating Zadoff-Chu sequences in a
new number of randomized sequences, the new number
being a number between the number of randomized
sequences corresponding to a Zadoff-Chu sequence having
a length of a largest prime number, not exceeding a Zadoft-
Chu sequence length required in an uplink demodulation
reference signal, and the number of randomized sequences
defined in Rel. 10 LTE; and in the mobile terminal appara-
tus, generating demodulation reference signal sequences
using the Zadoff-Chu sequences allocated in the new num-
ber of randomized sequences.

Advantageous Effects of Invention

According to the present invention, it is possible to
allocate more DM-RS sequences and secure more DM-RS
resources.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a diagram to show the relationship between the
number of sequences and the number of randomized
sequences;

FIG. 2 provides diagrams to explain the collision of
DM-RSs between neighboring cells;

FIG. 3 is a diagram to explain group hopping;

FIG. 4 is a diagram to explain a radio communication
system taking uplink CoMP into account;

FIG. 5 is a diagram to show a radio communication
system according to an embodiment of the present inven-
tion;

FIG. 6 is a block diagram to show a configuration of a
radio base station apparatus according to the above embodi-
ment;

FIG. 7 is a functional block diagram of a baseband signal
processing section in the radio base station apparatus shown
in FIG. 6;

FIG. 8 is a block diagram to show a configuration of a
mobile terminal apparatus according to the above embodi-
ment; and

FIG. 9 is a functional block diagram of a baseband signal
processing section in the mobile terminal apparatus shown
in FIG. 8.

DESCRIPTION OF EMBODIMENTS

Now, an embodiment of the present invention will be
described below in detail with reference to the accompany-
ing drawings. For the DM-RSs to use in channel estimation
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4
upon demodulation of the PUSCH signal and the PUCCH
signal, the Zadoff-Chu (ZC)-based sequence shown in fol-
lowing equation 1 is used. In LTE and LTE-A, varying ZC
sequences are applied between neighboring cells, so that
DM-RSs are randomized between cells.

[Formula 1]
e dmammtDIN - N — 044 number (Equation 1)
Xg(m) = )
g mant [N N = evennumber
where:

N is the sequence length;

q is the sequence number; and

0=m=N-1 holds.

In above equation 1, if the sequence length N and the
sequence number q are prime to each other, the cross
correlation value becomes 1/VN. This means that, when the
sequence length N is a prime number, (N-1) sequences can
be generated. Also, ZC sequences have a zero autocorrela-
tion characteristic (the correlation between a given ZC
sequence and a sequence given by applying a cyclic shift to
that ZC sequence is zero).

In LTE of Rel. 8 to Rel. 10, processing is carried out on
a per RB (12 subcarriers) basis, so that a ZC sequence length
of 12n is required. Since 12n is not a prime number, the
number of randomized sequences that can be generated is
small, and therefore a sufficient number of randomized
sequences cannot be acquired. Consequently, DM-RS
sequences are generated by applying cyclic extension,
whereby the data of a front part is copied to a rear part, to
a ZC sequence having a length to match the largest prime
number, not exceeding the required ZC sequence length. By
so doing, it is possible to increase the number of sequences.
Note that the ZC sequence is generated by the algorithm
shown in following equation 2 (when the ZC sequence
length is 3 RBs or greater). Also, the number of randomized
sequences is the number of randomized sequences to cor-
respond to a ZC sequence having a length of the largest
prime number, not exceeding the ZC sequence length
required in the reference signal.

[Formula 2]

Fyn(n) = x5 (n mod N5), (Equation 2)
0=<n< MRS

xXg(m)=e
0=m=<NE -1
g=lg+1/2]+v- (-
=N -(u+1)/31

In equation 2, u is the group number, v is the base
sequence number, and q is the sequence number.

Meanwhile, in LTE of Rel. 8 to Rel. 10, in order to make
the system simple, the number of sequences to use as
DM-RSs is set to 30 or 60, depending on the number of RBs.
As shown in FIG. 1, in the bandwidth of 1 RB to 5 RBs, the
number of randomized sequences of DM-RS is set to 30,
and, in the bandwidth of 6 RBs to 8 RBs, the number of
randomized sequences of DM-RS is set to 60 (the square
symbols in FIG. 1).
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In this case, in the bandwidth of 1 RB to 2 RBs, the
number of randomized sequences does not reach 30 even if
the above-described cyclic extension is applied, so that 30
randomized sequences, calculated by means of a calculator,
are used. In the bandwidth of 3 RBs to 5 RBs, among the
DM-RS sequences generated by applying cyclic extension to
the ZC sequence generated using above equation 2, 30
DM-RS sequences are used. In the bandwidth of 6 RBs or
more, among the DM-RS sequences generated by applying
cyclic extension to the ZC sequence generated using above
equation 2, 60 DM-RS sequences are used. The DM-RSs are
generated by following equation 3, using the DM-RS
sequences.

[Formula 3]

7, =T, (1) 0sn <M FE (Equation 3)

In equation 3, u is the group number, v is the base
sequence number, q is the sequence number, and « is the
cyclic shift number.

As shown in equations 2 and 3, group numbers (u=0 to
29) (indices) are assigned to the 30 DM-RS sequences, and
group numbers (u=0 to 29) and base sequence numbers
(v=0, 1) (indices) are assigned to the 60 DM-RS sequences,
so that identification can be made. Note that, when group
hopping, which will be described later, is executed in Rel. 10
LTE, the base sequence number is “0” and fixed. These
group numbers and base sequence numbers can be each
calculated from the cell IDs. Also, the sequence number q
can be calculated from the group number u and the base
sequence number v. Also, information about the cyclic shift
in equation 3 is reported from a radio base station apparatus
to a mobile terminal apparatus through [.1/1.2 signaling.

Although, in LTE of Rel. 8 to Rel. 10, 60 DM-RS
sequences can be prepared and these DM-RS sequences can
be identified individually with group numbers and base
sequence numbers and used, when group hopping, which
will be described later, is executed, only 30 DM-RS
sequences are used, using the base sequence number 0 alone.

When assigning DM-RS sequences like such, if, for
example, as shown in FIG. 2A, the same DM-RS sequence
(group number and base sequence number) is assigned
between neighboring cells (cell-1 and cell-2), as shown in
FIG. 2B, the DM-RS collides between mobile terminal
apparatuses UE-1 and UE-2, and the DM-RS causes signifi-
cant interference against other cells, the accuracy of channel
estimation decreases, and the performance of demodulation
deteriorates.

So, in LTE of Rel. 8 to Rel. 10, as shown in FIG. 2C, the
group numbers to use upon generating DM-RS sequences
are hopped on a per slot basis, to reduce the possibility of
DM-RS collisions between neighboring cells (group hop-
ping). The patterns in this hopping use Gold sequences, and
the number of these sequences is 17.

To be more specific, as shown in FIG. 3, the patterns for
cell IDs #0 to #29 are generated from one random sequence
(Gold sequence), the patterns for cell IDs #30 to #59 are
generated from one random sequence, the patterns for cell
IDs #60 to #89 are generated from one random
sequence, . . . , and the patterns for cell IDs #480 to #509 are
generated from one random sequence. The group number in
each slot in each pattern is cyclically shifted. For example,
cell ID #0 and cell ID #1 in FIG. 3 are shifted through 1, and
cell ID #0 and cell ID #29 are shifted through 29. Also, cell
1D #30 and cell ID #31 are shifted through 1.

In this way, by using group hopping, it is possible to
reduce the possibility of DM-RS collisions between neigh-
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boring cells. In this case, the number of random sequences
(Gold sequences) is 17, and there are 30 group numbers
from 0 to 29, so that it is possible to secure a total of 510
DM-RS sequences, and, in Rel. 10 LTE, among these,
DM-RS sequences for 504 cells are used. Note that the
application of group hopping, the hopping method and so on
are reported from a radio base station apparatus to a mobile
terminal apparatus through higher layer signaling (for
example, broadcast information).

With the above-described method, it is possible to realize
randomization of DM-RSs between cells. Meanwhile, the
orthogonalization of DM-RSs in cells can be realized by
using cyclic shift (CS) and orthogonal cover code (OCC). In
Rel. 10 LTE, in addition to the orthogonalization by means
of cyclic shift supported in Rel. 8 LTE, code-division-
multiplexing by means of orthogonal cover code is also
introduced, in order to support maximum 4-layer transmis-
sion on the uplink. To be more specific, two symbols in a
subframe are made orthogonal to each other by applying the
OCCs of [1, 1] and [1, -1] to the two symbols. Rel. 10 LTE
is designed such that eight combinations of CS and OCC can
be designated. These combinations are reported from a radio
base station apparatus to a mobile terminal apparatus
through L.1/1.2 signaling.

In 3GPP, when CoMP transmission is carried out on the
uplink, improvement of performance may be anticipated by
simultaneous orthogonalization and transmission to a plu-
rality of radio base station apparatuses (transmission points).
For example, as shown in FIG. 4, in the cell of a transmis-
sion point TP 1, which communicates with mobile terminal
apparatus UE #1, DM-RSs are orthogonalized by means of
CS and OCC, and, in the cell of a transmission point TP 2,
which communicates with mobile terminal apparatus UE #2,
DM-RSs are orthogonalized by means of OCC. At this time,
the DM-RSs are generated by above equation 3, using the
group numbers and base sequence numbers calculated from
the cell IDs, and the sequence numbers q calculated from the
group numbers u and the base sequence numbers v. That is,
in Rel. 10 LTE, DM-RS sequences are generated on a per
cell basis using cell IDs. In FIG. 4, DM-RS sequence #1 is
used in the cell of transmission point TP 1, and DM-RS
sequence #2 is used in the cell of transmission point TP 2.

However, considering the case where mobile terminal
apparatus UE #3 performs uplink CoMP transmission with
respect to transmission points TP 1 and TP 2, UE #3 may be
able to achieve improved performance by making the DM-
RSs orthogonal to both UE #1 and UE #2. In this way, when
DM-RSs are made orthogonal to transmission points TP 1
and TP 2 at the same time, it then becomes necessary not to
apply group hopping, whereby cell ID-based group numbers
are hopped. While a total of 510 DM-RS sequences are
secured using group hopping heretofore, if group hopping is
not applied, a problem arises that sufficient resources of
DM-RS sequences cannot be achieved. That is, when uplink
CoMP transmission is applied to transmission points TP 1
and TP 2, a problem arises that the DM-RS sequence
resources run short, and the flexibility of DM-RS sequence
resource allocation decreases.

So, the present inventors have focused on effective use of
unused DM-RS sequence resources shown in FIG. 1, and
arrived at the present invention by finding out that, even
when uplink signals for transmission points TP 1 and TP 2
are made orthogonal, it is still possible to secure the flex-
ibility of DM-RS sequence resource allocation.

That is, a gist of the present invention is that, in a radio
base station apparatus, ZC sequences are allocated in a new
number of randomized sequences between the number of
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randomized sequences to correspond to a ZC sequence
having a length of the largest prime number, not exceeding
the ZC sequence length required in the uplink DM-RS
reference signal, and the number of randomized sequences
defined in Rel. 10 LTE, and, in a mobile terminal apparatus,
DM-RS sequences are generated using the ZC sequences
allocated in the new number of randomized sequences, so
that it is possible to allocate more DM-RS sequences and
improve the flexibility of allocation of more DM-RS
resources.

With the present invention, upon DM-RS resource allo-
cation, ZC sequences that are allocated in LTE of Rel. 10 or
earlier versions are allocated. That is, allocation is carried
out using a number of ZC sequence between the number of
randomized sequences of square symbols and the number of
randomized sequences of circle symbols, in the transmission
bandwidth of 4 RBs ore more shown in FIG. 1. That is, a
radio base station apparatus allocates ZC sequences in a new
number of randomized sequences between the number of
randomized sequences to correspond to a ZC sequence
having a length of the largest prime number, not exceeding
the ZC sequence length required in the uplink DM-RS
reference signal, and the number of randomized sequences
defined in Rel. 10 LTE. Also, a mobile terminal apparatus
generates DM-RS sequences using the ZC sequences allo-
cated in the new number of randomized sequences. By this
means, it is possible to improve the flexibility of DM-RS
resource allocation.

When allocating ZC sequences that are not allocated in
LTE of Rel. 10 or earlier versions, the following methods
may be possible.

(First Method)

With a first method, when the transmission bandwidth is
4 RBs or more, unlike the square symbols in FIG. 1, the
number of randomized sequences is not limited (in Rel. 10
LTE, the number of randomized sequences is limited to 30
up to 5 RBs and limited to 60 from 6 RBs onward), and, in
each transmission bandwidth, allocation is carried out using
ZC sequences of the maximum number of randomized
sequences. That is, in FIG. 1, the number of ZC sequences
to use in allocation as the number of randomized sequences
is 46 in the 4-RB transmission bandwidth, 58 in the 5-RB
transmission bandwidth, 70 in the 6-RB transmission band-
width, 82 in the 7-RB transmission bandwidth, and 88 in the
8-RB transmission bandwidth.

With the first method, when the transmission bandwidth is
4 RBs or more, the limits of the number of randomized
sequences, like the square symbols in FIG. 1, may be
alleviated. For example, although, in Rel. 10 LTE, the
number of randomized sequences is limited to 30 up to 5
RBs and limited to 60 from 6 RBs onward, in the transmis-
sion bandwidth of 4 RBs and 5 RBs, allocation is carried out
using ZC sequences that are more than 30 yet fewer than the
largest number of randomized sequences, and, in the trans-
mission bandwidth of 6 RBs or more, allocation is carried
out using ZC sequences that are more than 60 yet fewer than
the largest number of randomized sequences.

As for the signaling in the first method, the sequence
number q in the ZC sequence generation algorithm of above
equation 2 is directly signaled (reported). In Rel. 10 LTE, the
group number u and the base sequence number v in the ZC
sequence generation algorithm (DM-RS generation algo-
rithm) of above equation 2 are signaled. Also, the sequence
number q is determined in a mobile terminal apparatus from
the group number u and the base sequence number v that are
reported. The group number u and the base sequence number
v are both values that can be determined from the cell ID.
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Consequently, in Rel. 10 LTE, the signaling of ZC sequences
is signaling to be carried out on a per cell basis.

However, as described above, in order to improve the
flexibility of DM-RS sequence allocation taking uplink
CoMP into account, signaling needs to be carried out on a
per UE basis, not on a per cell basis. The sequence number
q in the ZC sequence generation algorithm of equation 2 is
determined from the group number u and the base sequence
number v, so it necessarily follows that the sequence number
q is also a parameter that is associated with the cell ID.

So, with the first method, the sequence number q is
directly signaled from a radio base station apparatus to a
mobile terminal apparatus, thereby using the sequence num-
ber q as a UE-specific parameter. By this means, it is
possible to carry out signaling on a per UE basis, and
improve the flexibility of DM-RS resource allocation. For
the signaling of the sequence number ¢, it may be possible
to use a broadcast channel and higher layer signaling such as
RRC signaling, or it may be possible to use lower layer
signaling as well. Note that, with lower layer signaling,
reporting may be carried out using DCI (Downlink Control
Information) of the PDCCH (Physical Downlink Control
Channel), or reporting may be carried out using DCI of the
enhanced PDCCH (e-PDCCH), or reporting may be made
using both of these.

Also, with the first method, the sequence number q may
be derived from indices that are signaled from a radio base
station apparatus to a mobile terminal apparatus through
higher layer signaling—for example, virtual cell IDs
(V_.71Ds), UEIDs and so on.

In this case, for example, the mobile terminal apparatus
derives the sequence number q by performing a remainder
calculation between an index X that is signaled, and the
largest number of randomized sequences Y per RB (X % Y).

Also, with the first method, it is also possible to derive the
sequence number q from parameters (Z) that are not signaled
from a radio base station apparatus to a mobile terminal
apparatus—for example, the group hopping pattern number
f,4(n,), the sequence shift pattern numbers fghP UCCH and
f,,7°H, the number of offsets A of the PUCCH and the
PUSCH, the initial random sequence number c,,,,, and so on.
Although these parameters Z can be determined by perform-
ing a remainder calculation by the numerical value 30, this
numerical value 30 may be replaced with the largest number
of randomized sequences Y. For example, the mobile ter-
minal apparatus performs a remainder calculation between
the parameters Z and the largest number of randomized
sequences Y per RB (Z % Y) and derives the sequence
number q.

(Second Method)

In Rel. 10 LTE, the number of randomized sequences is
set to two levels—namely, 30 and 60. With a second method,
the new number of randomized sequences is defined not
only by the numbers of randomized sequences defined in
Rel. 10 LTE, but is also defined by another number of
randomized sequences apart from the numbers of random-
ized sequences defined in Rel. 10 LTE. That is, with the
second method, the levels defined in Rel. 10 LTE are made
three or more. For example, the number of randomized
sequences is made 15 when the transmission bandwidth is 1
RB and 2 RBs, the number of randomized sequences is made
30 when the transmission bandwidth is 3 RBs and 4 RBs, the
number of randomized sequences is made 45 when the
transmission bandwidth is 5 RBs and 6 RBs, and the number
of randomized sequences is made 60 when the transmission
bandwidth is 7 RBs and 8 RBs. By means of this setting, it
is possible to effectively use and allocate ZC sequences up
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to the largest number of randomized sequences in each
transmission bandwidth. Note that the number of random-
ized sequences to correspond to each level can be set as
appropriate. Also, the number of levels can be set as appro-
priate as well.

(Third Method)

As obvious from FIG. 1, the number of randomized
sequences increases as the transmission bandwidth widens,
so that, with a third method, ZC sequences are not allocated
to a narrow transmission bandwidth—for example, up to 4
RBs. This method is particularly effective when group
hopping is not applied.

(Fourth Method)

With a fourth method, the new number of randomized
sequences is determined by combining the group number u
and the base sequence number v. For example, with the
fourth method, group hopping and sequence hopping are
combined. With the fourth method, for example, when the
transmission bandwidth is 6 RBs or more, group hopping
and sequence hopping are combined. That is, 30 patterns of
group numbers u and 2 patterns of base sequence numbers
v are combined to secure maximum 60 randomized
sequences. As described above, given that, considering
uplink CoMP, a greater number of sequences than heretofore
is required, and that there is a demand to secure a greater
number of sequences even at the risk of sacrificing some
signaling overhead, with the fourth method, the base
sequence number v, which is used in one value up to Rel. 10
LTE, is used in a plurality of values. With the fourth method,
signaling overhead increases a little, so that the following
signaling and implicit reporting become important.

As for the signaling in the fourth method, the sequence
number q in the ZC sequence generation algorithm of above
equation 2 is directly signaled. This is particularly effective
when group hopping is not applied. In this way, the sequence
number q is directly signaled from a radio base station
apparatus to a mobile terminal apparatus, thereby using the
sequence number q as a UE-specific parameter. By this
means, it is possible to carry out signaling on a per UE basis,
and improve the flexibility of DM-RS resource allocation.
For the signaling of the sequence number ¢, it may be
possible to use a broadcast channel and higher layer signal-
ing such as RRC signaling, or it may be possible to use lower
layer signaling as well. Note that, with lower layer signaling,
reporting may be carried out using the PDCCH, or reporting
may be carried out using DCI of the enhanced PDCCH, or
reporting may be made using both of these.

Also, with the fourth method, a method to derive 60
sequence numbers q from indices that are signaled from a
radio base station apparatus to a mobile terminal apparatus
through higher layer signaling—for example, virtual cell
1Ds (V_;IDs), cell IDs and so on—may be used. In this
case, for example, the mobile terminal apparatus performs a
remainder calculation of the indices (V_,,IDs, cell IDs and
so on) W that are signaled, and derives the sequence number
q (W %60).

Also, with the fourth method, the base sequence number
v (0 or 1) may be reported semi-statically through higher
layer signaling. By this means, it is possible to reduce
overhead. This method is particularly effective when group
hopping is not applied.

Besides the above first method to the fourth method,
sequences other than ZC sequences may be used to improve
the flexibility of DM-RS sequence resource allocation. That
is, without using ZC sequences as DM-RS sequences,
spreading gain is achieved by applying random codes like
the scrambling codes used in W-CDMA (Wideband-Code

10

15

20

25

30

35

40

45

50

55

60

65

10

Division Multiple Access), as DM-RSs. Here, as the random
codes, for example, Gold sequences (M sequence and PN
sequence) can be used.

Now, a configuration of a radio communication system
according to an embodiment of the present invention will be
described below. FIG. 5 is a schematic diagram to show a
radio communication system according to an embodiment of
the present invention.

The radio communication system 1 is, for example, a
system where LTE-A is applied. The radio communication
system 1 has a radio base station apparatus 20, and a
plurality of mobile terminal apparatuses 10 that communi-
cate with this radio base station apparatus 20. The radio base
station apparatus 20 is connected with a higher station
apparatus 30, which is, for example, an access gateway
apparatus 30, and the access gateway apparatus 30 is con-
nected with a core network 40. The mobile terminal appa-
ratus 10 communicates with the radio base station apparatus
20 in a cell 50 by evolved UTRA and UTRAN. Note that the
access gateway apparatus 30 may be referred to as MME/
SGW (Mobility Management Entity/Serving Gateway).

The mobile terminal apparatuses 10 have the same con-
figuration, functions, and state. Also, although the mobile
terminal apparatuses 10 will be described to perform radio
communication with the radio base station apparatus 20 for
ease of explanation, more generally, user equipment (UE) to
include both mobile terminal apparatuses and fixed terminal
apparatuses may be used as well.

In the radio communication system 1, as radio access
schemes, radio access that is based on OFDMA (Orthogonal
Frequency Division Multiple Access) is applied to the
downlink, and radio access that is based on SC-FDMA
(Single Carrier Frequency Division Multiple Access) is
applied to the uplink. Here, OFDMA (Orthogonal Frequency
Division Multiple Access) is a multi-carrier transmission
scheme to divide a frequency band into a plurality of narrow
frequency bands (subcarriers) and place and transmit data on
each subcarrier. SC-FDMA (Single Carrier Frequency Divi-
sion Multiple Access) is a single carrier transmission scheme
to reduce interference between terminals by dividing, per
terminal, the system band into bands formed with one or
continuous resource blocks, and allowing a plurality of
terminals to use mutually different bands.

Here, communication channels in evolved UTRA and
UTRAN will be described. On the downlink, the PDSCH
(Physical Downlink Shared Channel), which is used by each
mobile terminal apparatus 10 on a shared basis, and the
PDCCH (also referred to as the downlink [L.1/[.2 control
channel), which is a downlink control channel, are used. By
means of this PDSCH, user data—that is, normal data
signals—is transmitted. Also, by means of the PDSCH,
precoding information for uplink MIMO transmission, the
IDs of users that communicate using the PDSCH and
information about the users’ data transport format (that is,
downlink scheduling information), and the IDs of users that
communicate using the PUSCH (Physical Uplink Shared
Channel) and information about the users’ data transport
format (that is, uplink scheduling grant) and so on are fed
back.

Also, on the downlink, broadcast channels such as the
P-BCH (Physical Broadcast Channel) and the D-BCH (Dy-
namic Broadcast Channel) are transmitted. The information
that is transmitted by means of the P-BCH is MIBs (Master
Information Blocks), and the information that is transmitted
by means of the D-BCH is SIBs (System Information
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Blocks). The D-BCH is mapped to the PDSCH, and trans-
mitted from the radio base station apparatus 20 to the mobile
terminal apparatuses 10.

As for the uplink, the PUSCH, which is used by each
mobile terminal apparatus 10 on a shared basis, and the
PUCCH (Physical Uplink Control Channel), which is an
uplink control channel, are used. By means of the PUSCH,
user data—that is, normal data signals—is transmitted. Also,
by means of the PUCCH, precoding information for down-
link MIMO transmission, delivery acknowledgment infor-
mation for downlink shared channels, downlink radio qual-
ity information (CQI: Channel Quality Indicator) and so on
are transmitted.

Also, in the uplink, the PRACH (Physical Random Access
Channel) for initial connection and so on are defined. The
mobile terminal apparatuses 10 are designed to transmit
random access preambles to the radio base station apparatus
20 in the PRACH.

Next, a configuration of the radio base station apparatus
20 according to the present embodiment will be explained
with reference to FIG. 6. As shown in FIG. 6, the radio base
station apparatus 20 according to the present embodiment
has two transmitting/receiving antennas 202a and 2025 for
MIMO transmission, amplifying sections 204a and 2045,
transmitting/receiving sections 206a and 2065, a baseband
signal processing section 208, a call processing section 210,
and a transmission path interface 212.

User data that is transmitted from the radio base station
apparatus 20 to a mobile terminal apparatus 10 on the
downlink is input from the higher station apparatus 30 that
is placed above the radio base station apparatus 20—for
example, the access gateway apparatus 30—into the base-
band signal processing section 208, via the transmission
path interface 212.

The baseband signal processing section 208 performs a
PDCP layer process, division and coupling of user data,
RLC (Radio Link Control) layer transmission processes
such as an RLC retransmission control transmission process,
MAC (Medium Access Control) retransmission control,
including, for example, an HARQ (Hybrid Automatic
Repeat reQuest) transmission process, scheduling, transport
format selection, channel coding, an inverse fast Fourier
transform (IFFT) process, and a precoding process, and
transfers the result to the transmitting/receiving sections
206a and 2065. Furthermore, the PDCCH signal is also
subjected to transmission processes such as channel coding
and an inverse fast Fourier transform, and then transferred to
the transmitting/receiving sections 206a and 20654.

Also, the baseband signal processing section 208 feeds
back control information for communication in the cell to
the mobile terminal apparatus 10, through the above-de-
scribed broadcast channels. The control information for
communication in the cell includes, for example, the uplink
or downlink system bandwidth, resource block information
allocated to the mobile terminal apparatus 10, root sequence
identification information (root sequence index) for gener-
ating random access preamble signals in the PRACH and so
on.

Baseband signals that are precoded and output from the
baseband signal processing section 208 on a per antenna
basis are subjected to a frequency conversion process to be
convert into a radio frequency band in the transmitting/
receiving sections 206a and 2065, and, after that, amplified
in the amplifying sections 204a and 2046 and transmitted
from the transmitting/receiving antennas 202a and 2025.

On the other hand, as for the data to be transmitted from
the mobile terminal apparatus 10 to the radio base station
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apparatus 20 on the uplink, radio frequency signals that are
received in the transmitting/receiving antennas 202a and
2025 are amplified in the amplifying sections 204a and
2045, converted into baseband signals through frequency
conversion in the transmitting/receiving sections 2064 and
2065, and input in the baseband signal processing section
208.

The baseband signal processing section 208 applies, to the
user data included in the baseband signals received as input,
an FFT process, an IDFT process, error correction decoding,
a MAC retransmission control receiving process, and RL.C
layer and PDCP layer receiving processes, and transfers the
result to the access gateway apparatus 30 via the transmis-
sion path interface 212.

The call processing section 210 performs call processing
such as setting up and releasing communication channels,
manages the state of the radio base station apparatus 20, and
manages the radio resources.

Now, a configuration of the baseband signal processing
section 208 of the radio base station apparatus 20 according
to the present embodiment will be described with reference
to FIG. 7. FIG. 7 is a functional block diagram of the
baseband signal processing section 208 in the radio base
station apparatus 20 according to the present embodiment.
Note that, in FIG. 7, for ease of explanation, configurations
such as a scheduler 234 and others are also included.

Reference signals (quality measurement reference signal)
included in received signals are input in a channel quality
measurement section 221. The channel quality measurement
section 221 measures uplink channel quality information
(CQI) based on the received state of the reference signals
received from the mobile terminal apparatus 10. Meanwhile,
received signals that are input in the baseband signal pro-
cessing section 208 have the cyclic prefixes added to the
received signals removed in CP (Cyclic Prefix) removing
sections 222a and 222b, and, after that, converted into
frequency domain information through a Fourier transform
in fast Fourier transform (FFT) sections 224a and 22454.
Note that the symbol synchronization sections 223a and
2235 estimate the synchronization timing from the reference
signals included in the received signals, and report the
estimation result to the CP removing sections 222a and
222b.

The received signals, converted into frequency domain
information, are demapped in the frequency domain in the
subcarrier demapping sections 225a and 22556. The subcar-
rier demapping sections 225a and 2255 perform demapping
in accordance with the mapping in the mobile terminal
apparatus 10. The frequency domain equalization section
226 equalizes the received signals based on channel estima-
tion values provided from a channel estimation section 227.
The channel estimation section 227 estimates the channel
state from the reference signals included in the received
signals.

The DM-RS sequence generating section 231 generates
uplink DM-RS sequences (DM-RSs). The DM-RS sequence
generating section 231 generates the DM-RS sequences
using ZC sequences that are allocated in an allocation
section 243, which will be described later. Above equation
2 and equation 3 are used for the generation of the DM-RS
sequences. The DM-RS sequence generating section 231
realize inter-cell randomization. The DM-RS sequence gen-
erating section 231 outputs the generated DM-RS sequences
to an orthogonalization processing section 232.

The orthogonalization processing section 232 performs
processes to undo the orthogonalization process applied to
the DM-RS upon uplink transmission. That is, to the CS that



US 9,438,396 B2

13

is applied to the DM-RS, the orthogonalization processing
section 232 applies a CS of the opposite direction, and, to the
OCC applied to the DM-RS, the orthogonalization process-
ing section 232 applies a despreading process. The orthogo-
nalization processing section 232 outputs the DM-RS, con-
verted back to the original, to the channel estimation section
227.

The inverse discrete Fourier transform (IDFT) sections
228a and 228b perform an inverse discrete Fourier trans-
form on the received signal and converts the frequency
domain signal back to a time domain signal. The data
demodulating sections 229a and 2295 and the data decoding
sections 230a and 2305 reconstruct the transmission data
based on the transmission format (coding rate, modulation
scheme and so on). By this means, transmission data of
codeword #1 corresponding to the first transport block, and
transmission data of codeword #2 corresponding to the
second transport block are reconstructed.

The reconstructed transmission data of codewords #1 and
#2 is output to a retransmission information channel selec-
tion section 233. The retransmission information channel
selection section 233 determines whether or not it is neces-
sary to retransmit the transmission data of codewords #1 and
#2 (ACK/NACK). Then, depending on whether or not it is
necessary to retransmit the transmission data of codewords
#1 and #2, retransmission-related information such as NDI
information and RV information is generated. Also, the
retransmission information channel selection section 233
selects the channel (PHICH or PDCCH (UL grant)) to
transmit the retransmission information.

The scheduler 234 determines uplink and downlink
resource allocation information based on channel quality
information (CQI) given from the channel quality measure-
ment section 221, and PMI information and RI information
given from a precoding weight/rank selection section 235,
which will be described later.

The precoding weight/rank selection section 235 deter-
mines the precoding weight (PMI) for controlling the phase
and/or amplitude of transmission signals on a per antenna
basis in the mobile terminal apparatus 10 from the uplink
received quality in the resource block allocated to the mobile
terminal apparatus 10 based on channel quality information
(CQI) given from the channel quality measurement section
221. Also, the precoding weight/rank selection section 235
determines the rank (RI), which represents the number of
space multiplexing layers in the uplink, based on channel
quality information (CQI) given from the channel quality
measurement section 221.

The MCS selection section 236 selects the modulation
scheme/channel coding rate (MCS) based on channel quality
information (CQI) given from the channel quality measure-
ment section 221.

The dedicated user data generating section 237 generates
dedicated downlink transmission data (specific user data) for
each mobile terminal apparatus 10, in accordance with
resource allocation information given from the scheduler
234, from user data input from the higher station apparatus
30 such as the access gateway apparatus 30.

The UL grant information generating section 238 gener-
ates a DCI format, which includes the above-described UL
grant, from ACK/NACK information and retransmission-
related information (NDI information, RV information and
so on) given from the retransmission information channel
selection section 233, resource allocation information given
from the scheduler 234, PMI and RI information given from
the precoding weight/rank selection section 233, and MCS
information given from the MCS selection section 236.
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The PHICH signal generating section 239 generates the
PHICH signal, which includes a hybrid ARQ acknowledge-
ment for showing whether or not the transport block needs
to be retransmitted to the mobile terminal apparatus 10,
based on the ACK/NACK information and retransmission-
related information (NDI information, RV information and
so on) given from the retransmission information channel
selection section 233.

The PDSCH signal generating section 240 generates the
downlink transmission data to actually transmit by the
PDSCH (Physical Downlink Shard Channel), based on the
downlink transmission data (dedicated user data) generated
in the dedicated user data generating section 237. The
PDCCH signal generating section 241 generates the PDCCH
signal to multiplex over the PDCCH, based on the DCI
format generated in the UL grant information generating
section 238 and including the UL grant.

The PHICH signal, the PDSCH signal and the PDCCH
signal generated in these PHICH signal generating section
239, PDSCH signal generating section 240 and PDCCH
signal generating section 241, are input in an OFDM modu-
lation section 242. The OFDM modulation section 242
applies an OFDM modulation process to two sequences of
signals including these PHICH signal, PDSCH signal and
PDCCH signal, and transmits the results to the transmitting/
receiving sections 206a and 20664.

Upon DM-RS resource allocation, the allocation section
243 allocates ZC sequences that are not allocated in LTE of
Rel. 10 or earlier versions. That is, the allocation section 243
allocates ZC sequences in a new number of randomized
sequences between the number of randomized sequences to
correspond to a ZC sequence having a length of the largest
prime number, not exceeding the ZC sequence length
required in the uplink DM-RS reference signal, and the
number of randomized sequences defined in Rel. 10 LTE. To
be more specific, the allocation section 243 allocates the ZC
sequences in the above first method to the fourth method.
The allocation section 243 outputs information about the ZC
sequences allocated in this way (for example, the parameters
in the first method to the fourth method), to the DM-RS
sequence generating section 231.

Part of the information of the ZC sequences is signaled to
the mobile terminal apparatus 10. For example, with the first
method and the fourth method, the sequence number q is
signaled. Also, with the second method, the number of
randomized sequences, the number of levels and so on are
signaled. Also, with the third method, the base sequence
number is signaled. Note that sequence number q may be
reported to a mobile terminal apparatus 10 through higher
layer signaling or may be reported through the PDCCH
using DCI. This signaling is signaling that is based on the
mobile terminal apparatus UE.

Next, a configuration of a mobile terminal apparatus 10
according to the present embodiment will be described with
reference to FIG. 8. As shown in FIG. 8, the mobile terminal
apparatus 10 according to the present embodiment has two
transmitting/receiving antennas 102¢ and 1026 for MIMO
transmission, amplifying sections 104a and 1045, transmit-
ting/receiving sections 106a and 1065, a baseband signal
processing section 108 and an application section 110.

As for downlink data, radio frequency signals that are
received in the two transmitting/receiving antennas 102a
and 1025 are amplified in the amplifying sections 104a and
1045, and converted into baseband signals through fre-
quency conversion in the transmitting/receiving sections
106a and 1065. The baseband signals are subjected to
receiving processes such as an FFT process, error correction
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decoding and retransmission control, in the baseband signal
processing section 108. In this downlink data, downlink user
data is transferred to the application section 110. The appli-
cation section 110 performs processes related to higher
layers above the physical layer and the MAC layer. Also, in
the downlink data, broadcast information is also transferred
to the application section 110.

On the other hand, uplink user data is input from the
application section 110 to the baseband signal processing
section 108. The baseband signal processing section 108
performs a retransmission control (H-ARQ: Hybrid ARQ)
transmission process, channel coding, precoding, DFT pro-
cess, IFFT process and so on, and transfers the result to the
transmitting/receiving sections 106a and 1065. The base-
band signals output from the baseband signal processing
section 108 are subjected to a frequency conversion process
and converted into a radio frequency band in the transmit-
ting/receiving sections 106a and 1065, and, after that, ampli-
fied in the amplifying sections 1044 and 1045 and transmit-
ted from the transmitting/receiving antennas 1024 and 10264.

Now, a configuration of the baseband signal processing
section 108 in the mobile terminal apparatus 10 according to
the present embodiment will be described with reference to
FIG. 9. FIG. 9 is a functional block diagram of the baseband
signal processing section 108 of the mobile terminal appa-
ratus 10 according to the present embodiment.

Received signals output from the transmitting/receiving
sections 106a and 1065 are demodulated in the OFDM
demodulation section 111. In the downlink received signals
demodulated in the OFDM demodulation section 111, the
PDSCH signal is input in the downlink PDSCH decoding
section 112, the PHICH signal is input in the downlink
PHICH decoding section 113, and the PDCCH signal is
input in the downlink PDCCH decoding section 114. The
downlink PDSCH decoding section 112 decodes the
PDSCH signal, and reconstructs the PDSCH transmission
data. The downlink PHICH decoding section 113 decodes
the downlink PHICH signal. The downlink PDCCH decod-
ing section 114 decodes the PDCCH signal. The PDCCH
signal includes the DCI format, which includes the UL grant,
used in the communication control method according to the
present invention.

The downlink PDCCH decoding section 114 acquires the
control information designated by the UL grant. When a
hybrid ARQ acknowledgement (ACK/NACK) is included in
the PHICH signal decoded in the downlink PHICH decoding
section 113, the data new transmission/retransmission deter-
mining section 115 determines whether this is new data
transmission or retransmission, based on that hybrid ARQ
acknowledgement (ACK/NACK). Also, when a hybrid ARQ
acknowledgement (ACK/NACK) is included in the UL
grant of the PDCCH signal, whether this is new data
transmission or retransmission is determined based on that
hybrid ARQ acknowledgement (ACK/NACK). The deter-
mined results are reported to a new transmission data buffer
section 116 and a retransmission data buffer section 117.

The new transmission data buffer section 116 buffers the
uplink transmission data input from the application section
110. The retransmission data buffer section 117 buffers the
transmission data output from the new transmission data
buffer section 116. When a determined result to the effect of
new data transmission is reported from the data new trans-
mission/retransmission determining section 115, uplink
transmission data is generated from the transmission data in
the new transmission data buffer section 116. On the other
hand, when a determined result to the effect of data retrans-
mission is reported from the data new transmission/retrans-
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mission determining section 115, uplink transmission data is
generated from the transmission data in the retransmission
data buffer section 117.

The uplink transmission data that is generated is input in
a serial-to-parallel conversion section, which is not illus-
trated. In this serial-to-parallel conversion section, uplink
transmission data is subjected to serial-to-parallel conver-
sion, into the number of codewords, depending on the uplink
rank. Note that the codewords represent the coding unit in
channel coding, and the number thereof (the number of
codewords) is determined uniquely based on the rank and/or
the number of transmitting antennas. A case is shown here
where the number of codewords is determined to be two.
Note that the number of codewords and the number of layers
(rank) do not always become equal. Uplink codeword #1
transmission data and uplink codeword #2 transmission data
are input in the data coding sections 1184 and 1185.

The data coding section 118a encodes the uplink code-
word #1 transmission data. The uplink codeword #1 trans-
mission data encoded in the data coding section 118a is
modulated in the data modulation section 1194, and output
to the multiplexing section 122a. Also, the data coding
section 1185 encodes the uplink codeword #2 transmission
data. The uplink codeword #2 transmission data encoded in
the data coding section 1186 is modulated in the data
modulation section 1194 and output to the multiplexing
section 1225.

The DM-RS sequence generating section 120 generates
uplink DM-RS sequences (DM-RSs). The DM-RS sequence
generating section 120 generates the DM-RS sequences
using ZC sequence information reported from the radio base
station apparatus. Above equation 2 and equation 3 are used
for the generation of the DM-RS sequences. The DM-RS
sequence generating section 120 realizes inter-cell random-
ization.

At this time, in the DM-RS sequence generating section
120, when the sequence number q is reported in the first
method and the fourth method, DM-RS sequences are gen-
erated by above equation 2 and equation 3, using the
sequence number q. Also, the sequence generating section
120 may derive the sequence number q by performing a
remainder calculation between indices X signaled from the
radio base station apparatus and the largest number of
randomized sequences Y per RB (X % Y), derive the
sequence number q by performing a remainder calculation
between parameters (Z) that are not signaled from the radio
base station apparatus and the largest number of randomized
sequences Y per RB (Z % Y), or derive the sequence number
q by performing a remainder calculation with respect to
indices W (V__,ID, cell ID and so on) signaled from the
radio base station apparatus (W %60). Also, with the second
method, DM-RS sequences are generated using the number
of randomized sequences, the number of levels and so on
signaled from the radio base station apparatus. Also, with the
third method, DM-RS sequences are generated using the
base sequence number signaled from the radio base station
apparatus. The DM-RS sequence generating section 120
outputs the generated DM-RS sequences to the orthogonal-
ization processing section 121.

The orthogonalization processing section 121 applies an
orthogonalization process to the DM-RSs. That is, the
orthogonalization processing section 121 applies CS and/or
OCC to the DM-RSs. The orthogonalization processing
section 121 outputs the DM-RSs, to which the orthogonal-
ization process has been applied, to the multiplexing sec-
tions 122a and 1225.
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The multiplexing section 122a multiplexes the modulated
uplink codeword #1 transmission data and a DM-RS
sequence, and outputs the multiplex signal to the discrete
Fourier transform (DFT) sections 123a. The multiplexing
section 1225 multiplexes the modulated uplink codeword #2
transmission data and a DM-RS sequence, and outputs the
multiplex signal to the discrete Fourier transform (DFT)
sections 1235.

The discrete Fourier transform (DFT) sections 123a and
1235 perform a discrete Fourier transform of the multiplex
signals and convert the time sequence information into
frequency domain information. The discrete Fourier trans-
form (DFT) sections 123« and 1235 output the signals after
the DFT to the subcarrier mapping section 124a and 124b.
The subcarrier mapping sections 124a and 1245 perform
frequency domain mapping based on scheduling informa-
tion from the downlink PDCCH decoding section 114. Then,
the subcarrier mapping sections 124a and 1245 output the
transmission data after the mapping to a codeword layer
mapping section 125.

In the codeword layer mapping section 125, the uplink
codeword #1 and #2 transmission data input from the
subcarrier mapping sections 124a and 12454 is divided into
a number to match the number of layers, in accordance with
uplink rank information from the downlink PDCCH decod-
ing section 114. Then, the divided uplink code word #1 and
#2 transmission data is input in a precoding weight multi-
plication section 126.

The precoding weight multiplication section 126 shifts the
phase and/or amplitude of transmission signals, for each of
the transmitting/receiving antennas 102a and 1025, based on
uplink precoding information from the downlink PDCCH
decoding section 114 (weighting of transmission antennas
by means of precoding). By this means, it is possible to
increase the received power of received signals in the radio
base station apparatus 20, and improve throughput perfor-
mance. After the precoding, following the multiplexing
process in the multiplexing section 127, the transmission
signals are subjected to an inverse fast Fourier transform in
the inverse fast Fourier transform (IFFT) sections 1284 and
1285 and converted from frequency domain signals into
time domain signals. Then, in cyclic prefix (CP) attaching
sections 129a and 12954, cyclic prefixes are attached to the
transmission signals. Here, the cyclic prefixes function as
guard intervals for cancelling multipath propagation delay
and differences in receiving timing between a plurality of
users in the radio base station apparatus 20. The transmis-
sion signals with cyclic prefixes attached thereto are trans-
mitted to the transmitting/receiving sections 106a and 1065.

With the radio communication method of the present
invention, the allocation section 243 of the radio base station
apparatus 20 allocates ZC sequences in a new number of
randomized sequences between the number of randomized
sequences corresponding to a ZC sequence having a length
of the largest prime number, not exceeding the ZC sequence
length required in the uplink DM-RS reference signal, and
the number of randomized sequences defined in Rel. 10
LTE. In this case, the allocation section 243 allocates ZC
sequences that are not allocated in LTE of Rel. 10 or earlier
versions. That is, the allocation section 243 allocates ZC
sequences in a new number of randomized sequences
between the number of randomized sequences correspond-
ing to a ZC sequence having a length of the largest prime
number, not exceeding the ZC sequence length required in
the uplink DM-RS reference signal, and the number of
randomized sequences defined in Rel. 10 LTE. To be more
specific, the allocation section 243 allocates ZC sequences
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in the above first method to the fourth method. At this time,
part of the information of the allocated ZC sequences is
signaled to the mobile terminal apparatus 10. For example,
with the first method and the fourth method, the sequence
number q is signaled. Also, the second method signals the
number of randomized sequences, the number of levels, and
so on. Furthermore, the third method signals the base
sequence number.

In the DM-RS sequence generating section 120 of the
mobile terminal apparatus 10, DM-RS sequences are gen-
erated using the ZC sequences allocated in the new number
of randomized sequences. At this time, in the DM-RS
sequence generating section 120, in the first method and the
fourth method, when the sequence number q is reported,
DM-RS sequences are generated according to above equa-
tion 2 and equation 3, using the sequence number q. Also,
the DM-RS sequence generating section 120 derives the
sequence number q by performing a remainder calculation
between indices X signaled from the radio base station
apparatus and the largest number of randomized sequences
Y per RB (X % Y), or derive the sequence number q by
performing a remainder calculation between parameters (7))
that are not signaled from the radio base station apparatus
and the largest number of randomized sequences Y per RB
(Z. % Y), or derive the sequence number q by performing a
remainder calculation with respect to indices W (V__;1D,
cell ID and so on) signaled from the radio base station
apparatus (W %60). Also, with the second method, DM-RS
sequences are generated using the number of randomized
sequences, the number of levels and so on, signaled from the
radio base station apparatus. Also, with the third method,
DM-RS sequences are generated using the base sequence
number signaled from the radio base station apparatus. The
generated DM-RS sequences are subjected to the CS process
and/or OCC process in the orthogonalization processing
section 121. The DM-RSs processed in this way are orthogo-
nalized in cells, and assume a state of being randomized
between cells.

In this way, with the present invention, a new number of
randomized sequences that is between the number of ran-
domized sequences corresponding to a ZC sequence having
a length of the largest prime number, not exceeding the ZC
sequence length required in the uplink DM-RS reference
signal, and the number of randomized sequences defined in
Rel. 10 LTE, is used, so that it is possible to allocate more
DM-RS sequences. As a result of this, it is possible to
improve the flexibility of allocation of more DM-RS
resources.

Now, although the present invention has been described in
detail with reference to the above embodiment, it should be
obvious to a person skilled in the art that the present
invention is by no means limited to the embodiment
described herein. The present invention can be implemented
with various corrections and in various modifications, with-
out departing from the spirit and scope of the present
invention defined by the recitations of the claims. Conse-
quently, the descriptions herein are provided only for the
purpose of explaining examples, and should by no means be
construed to limit the present invention in any way.

The disclosure of Japanese Patent Application No. 2012-
108742, filed on May 10, 2012, including the specification,
drawings and abstract, is incorporated herein by reference in
its entirety.
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The invention claimed is:

1. A radio communication system comprising a radio base
station apparatus and a mobile terminal apparatus that is
configured to be able to communicate with the radio base
station apparatus, wherein:

the radio base station apparatus comprises an allocation

section configured to allocate Zadoff-Chu sequences in
a new number of randomized sequences, the new
number being a number between the number of ran-
domized sequences corresponding to a Zadoff-Chu
sequence having a length of a largest prime number, not
exceeding a Zadoff-Chu sequence length required in an
uplink demodulation reference signal, and the number
of randomized sequences defined in Rel. 10 LTE,

the mobile terminal apparatus comprises a generating

section configured to generate demodulation reference
signal sequences using the Zadoff-Chu sequences allo-
cated in the new number of randomized sequences, and

the number of randomized sequences defined in Rel. 10

LTE is set to 30 for bandwidth of 1 RB to 5 RBs, and
is set to 60 for bandwidth of 6 RBs or more.

2. The radio communication system according to claim 1,
wherein the new number of randomized sequences is set to
a number selected from 30, 60 and at least one different
number from 30 and 60.

3. The radio communication system according to claim 1,
wherein the allocation section does not allocate the Zadoff-
Chu sequences to a narrow transmission bandwidth.

4. The radio communication system according to claim 1,
wherein the new number of randomized sequences is deter-
mined by combining a group number u and a base sequence
number v that are used to generate the Zadoff-Chu
sequences.

5. The radio communication system according to claim 4,
wherein the radio base station apparatus reports the base
sequence number v to the mobile terminal apparatus.

6. The radio communication system according to claim 4,
wherein the radio base station apparatus reports a sequence
number q that is used to generate the Zadoft-Chu sequences,
to the mobile terminal apparatus.

7. The radio communication system according to claim 4,
wherein the mobile terminal apparatus derives a sequence
number q that is used to generate the Zadoft-Chu sequences,
from an index signaled from the radio base station apparatus.

8. The radio communication system according to claim 1,
wherein the radio base station apparatus reports a sequence
number q that is used to generate the Zadoft-Chu sequences,
to the mobile terminal apparatus.

9. The radio communication system according to claim 1,
wherein the mobile terminal apparatus derives a sequence
number q that is used to generate the Zadoft-Chu sequences,
from an index signaled from the radio base station apparatus.

10. A radio base station apparatus in a radio communi-
cation system comprising the radio base station apparatus
and a mobile terminal apparatus that is configured to be able
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to communicate with the radio base station apparatus, the
radio base station apparatus comprising:

an allocation section configured to allocate Zadoff-Chu
sequences in a new number of randomized sequences,
the new number being a number between the number of
randomized sequences corresponding to a Zadoft-Chu
sequence having a length of a largest prime number, not
exceeding a Zadoff-Chu sequence length required in an
uplink demodulation reference signal, and the number
of randomized sequences defined in Rel. 10 LTE,

wherein the number of randomized sequences defined in
Rel. 10 LTE is set to 30 for bandwidth of 1 RB to 5
RBs, and is set to 60 for bandwidth of 6 RBs or more.

11. A mobile terminal apparatus in a radio communication
system comprising a radio base station apparatus and the
mobile terminal apparatus configured to be able to commu-
nicate with the radio base station apparatus, the mobile
terminal apparatus comprising:

a generating section configured to generate demodulation
reference  signal sequences using Zadoft-Chu
sequences allocated in a new number of randomized
sequences, the new number being a number between
the number of randomized sequences corresponding to
a Zadoff-Chu sequence having a length of a largest
prime number, not exceeding a Zadoff-Chu sequence
length required in an uplink demodulation reference
signal, and the number of randomized sequences
defined in Rel. 10 LTE,

wherein the number of randomized sequences defined in
Rel. 10 LTE is set to 30 for bandwidth of 1 RB to 5
RBs, and is set to 60 for bandwidth of 6 RBs or more.

12. A radio communication method in a radio communi-
cation system comprising a radio base station apparatus and
a mobile terminal apparatus that is configured to be able to
communicate with the radio base station apparatus, the radio
communication method comprising the steps of:

in the radio base station apparatus, allocating Zadoff-Chu
sequences in a new number of randomized sequences,
the new number being a number between the number of
randomized sequences corresponding to a Zadoft-Chu
sequence having a length of a largest prime number, not
exceeding a Zadoff-Chu sequence length required in an
uplink demodulation reference signal, and the number
of randomized sequences defined in Rel. 10 LTE; and

in the mobile terminal apparatus, generating demodula-
tion reference signal sequences using the Zadoft-Chu
sequences allocated in the new number of randomized
sequences,

wherein the number of randomized sequences defined in
Rel. 10 LTE is set to 30 for bandwidth of 1 RB to 5
RBs, and is set to 60 for bandwidth of 6 RBs or more.
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